Topological studies of monomeric and dimeric cytochrome c oxidase and identification of the copper A site using a fluorescence probe.
Beef heart cytochrome c oxidase was labeled at a single sulfhydryl group by treatment with 5 mM N-iodoacetylamidoethyl-1-aminonaphthalene-5-sulfonate (1,5-I-AEDANS) at pH 8.0 for 4 h. Sodium dodecyl sulfate gel electrophoresis revealed that the enzyme was exclusively labeled at subunit III, presumably at Cys-115. The high affinity phase of the electron transfer reaction with horse cytochrome c was not affected by acetylamidoethyl-1-aminonaphthalene-5-sulfonate (AEDANS) labeling. Addition of horse cytochrome c to dimeric AEDANS-cytochrome c oxidase resulted in a 55% decrease in the AEDANS fluorescence due to the formation of a 1:1 complex between the two proteins. Forster energy transfer calculations indicated that the distance from the AEDANS label on subunit III to the heme group of cytochrome c was in the range 26-40 A. In contrast to the results with the dimeric enzyme, the fluorescence of monomeric AEDANS-cytochrome c oxidase was not quenched at all by binding horse heart cytochrome c, indicating that the AEDANS label on subunit III was at least 54 A from the heme group of cytochrome c. These results support a model in which the lysines surrounding the heme crevice of cytochrome c interact with carboxylates on subunit II of one monomer of the cytochrome c oxidase dimer and the back of the molecule is close to subunit III on the other monomer. In order to identify the cysteine residues that ligand copper A, a new procedure was developed to specifically remove copper A from cytochrome c oxidase by incubation with 2-mercaptoethanol followed by gel chromatography. Treatment of the copper A-depleted cytochrome c oxidase preparation with 1,5-I-AEDANS resulted in labeling sulfhydryl groups on subunit II as well as on subunit III. No additional subunits were labeled. This result indicates that the copper A binding site is located at cysteines 196 and/or 200 of subunit II and that removal of copper A exposes these residues for labeling by 1,5-I-AEDANS. Alternative copper A depletion methods involving incubation with bathocuproine sulfonate (Weintraub, S.T., and Wharton, D.C. (1981) J. Biol. Chem. 256, 1669-1676) or p-(hydroxymercuri)benzoate (Li, P.M., Gelles, J., Chan, S.I., Sullivan, R.J., and Scott, R.A. (1987) Biochemistry 26, 2091-2095) were also investigated. Treatment of these preparations with 1,5-I-AEDANS resulted in labeling cysteine residues on subunits II and III. However, additional sulfhydryl residues on other subunits were also labeled, preventing a definitive assignment of the location of copper A using these depletion procedures.